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(57) ABSTRACT 

A nitride semiconductor laser device With a reduction in 
internal crystal defects and an alleviation in stress, and a 
semiconductor optical apparatus comprising this nitride 
semiconductor laser device. First, a groWth suppressing ?lm 
against GaN crystal groWth is formed on the surface of an 
n-type GaN substrate equipped With alternate stripes of 
dislocation concentrated regions shoWing a high density of 
crystal defects and low-dislocation regions so as to coat the 
dislocation concentrate regions. Next, the n-type GaN sub 
strate coated With the groWth suppressing ?lm is overlaid 
With a nitride semiconductor layer by the epitaxial groWth of 
GaN crystals. Further, the groWth suppressing ?lm is 
removed to adjust the lateral distance betWeen a laser 
Waveguide region and the closest dislocation concentrated 
region to 40 pm or more. 
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NITRIDE SEMICONDUCTOR DEVICE, ITS 
MANUFACTURING METHOD, AND 

SEMICONDUCTOR OPTICAL APPARATUS 

TECHNICAL FIELD 

[0001] The present invention relates to a nitride-composite 
semiconductor laser element, Which is constituted With 
plural nitride composite semiconductor layers laminated on 
a nitride-composite semiconductor substrate, and also 
relates to a method of manufacturing it, While the present 
invention further relates to a semiconductor optical device 
using the nitride-composite semiconductor laser element in 
subject. 

BACKGROUND ART 

[0002] Conventionally, from the vieWpoint of Wave-band 
constitution and chemical stability, in the ?eld of the III-V 
family nitride semiconductors consisting of the III family 
elements such as aluminum (Al), gallium (Ga), and indium 
(In), and of nitrogen (N) corresponding to one of the V 
family elements (this Will merely be referred to as a GaN 
composite semiconductor hereinafter), there has been much 
expectation on the potential utility of this GaN composite 
semiconductor for its practical application to a light emitting 
element and a poWer device or the like. In order to realiZe 
the potential utility of this semiconductor, much effort has 
thus been pursued so as to manufacture a nitride composite 
semiconductor laser element capable of emitting blue laser 
beam, for example, by Way of laminating the GaN compos 
ite semiconductor layers on a sapphire substrate (composed 
of A1203) or on a SiC composite substrate. 

[0003] Nevertheless, When a thin ?lm consisting of a 
crystalline GaN composite element has been formed on a 
sapphire substrate or on a SiC composite substrate, due to 
difference in the lattice constant betWeen the GaN composite 
element and the substrate material, various defective phe 
nomena such as “dislocation” for example are induced into 
an epitaxial layer. Because of this reason, in the case of a 
nitride composite semiconductor laser element enabling 
high-density current to How through it, the above-cited 
defect triggers so as to cause the lattice constitution to 
become disordered, thereby further causing the above defec 
tive phenomena to potentially propagate themselves. Fur 
ther, When the nitride-composite semiconductor laser ele 
ment has been formed on a sapphire substrate, there is a 
problem in terms of its practical service life. It is conceived 
that, this is probably because occurrence of the high-density 
dislocation in the above element adversely acts, thereby 
restricting potential service life of the nitride-composite 
semiconductor laser element. 

[0004] Due to the above reason, ideally, any substrate 
usable for loading the above GaN composite semiconductor 
device should preferably be composed of mono-crystalline 
GaN composite material. This constitution eliminates the 
difference of the lattice constant betWeen the substrate and 
individual layers laminated on the substrate. Further, 
because the GaN composite compound itself contains com 
patibility With cleavages, a process for cutting a Wafer into 
a plurality of chips can be facilitated. Further, since the GaN 
composite crystals are electrically conductive, processes for 
disposing electrodes in the above device can be simpli?ed. 
OWing to these advantages, mono-crystalline GaN compos 
ite material is conceivably most suitable for constituting a 
substrate. 
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[0005] There is a report on the result of development in the 
?eld of a nitride composite semiconductor laser element 
capable of oscillating itself in a range from the ultra-violet 
region up to the visible rays region as shoWn in “Jpn. J. Appl. 
Phys. Vol. 39 (2000)”, on pages L647 to 650. The nitride 
composite semiconductor in subject features a constitution 
in Which a SiO2 mask pattern With periodically striped 
openings Was formed on a GaN composite substrate, and 
further, a structure consisting of laminated nitride semicon 
ductor layers With a striped Wave-guide passage (i.e., a ridge 
stripe structure) Was formed on the above-cited mask pat 
tern. 

[0006] The above-cited GaN composite substrate Was 
manufactured via execution of a process described beloW. 
By applying a MOCVD (Metalorganic Chemical Vapor 
phase Deposition) method, a GaN composite layer With 15 
pm of thickness Was formed on the grounding seed crystals 
super?cially being provided With a SiO2 mask pattern con 
taining striped openings per 20 pm of cyclic period before 
eventually generating a Wafer With a ?at surface. This 
method is conventionally de?ned as the ELOG (Epitaxially 
Lateral OvergroWn) method, Which, by Way of availing 
lateral groWth, causes defective phenomena to be decreased. 
Further, by applying a conventional HVPE (Hydride Vapor 
Phase Epitaxy) method, a GaN composite layer With 200 pm 
of thickness Was formed, and then the grounding seed 
crystals Were removed before eventually completing the 
processes for manufacturing a GaN composite substrate. In 
terms of the service life characteristics of the produced 
semiconductor laser element, it Was so estimated that a 
maximum of 15000 consecutive service hours could be 
available under 30 mW of an output condition at 60° C. of 
environmental temperature. 

[0007] Nevertheless, in the case of the above-cited nitride 
semiconductor laser element, since the method for manu 
facturing the GaN composite substrate necessitated groWth 
of crystals by three cycles including the above-referred 
HVPE method, the MOCVD method for groWing the 
grounding seed crystals, and the other MOCVD method for 
groWing structure of semiconductor laser element, the 
method of manufacturing the above-cited nitride composite 
semiconductor laser element involves much complexity, 
thus generating a problem in terms of the productive ef? 
ciency. Further, the service life characteristics Were evalu 
ated to be still not suf?cient. In particular, the service life 
characteristics Were still insuf?cient under a high output 
condition (at 70° C. and 60 mW for example). In addition, 
it Was found that crack could appear on the surface of the 
?lm groWn after the groWth of the laminate structure, 
thereby potentially causing the yield to be loWered during 
the production stage. 

[0008] Generation of the above problems is caused by the 
crystalline defect, i.e., the “dislocation” generated in the 
above nitride composite semiconductor laser element. It Was 
con?rmed that, normally, the crystalline defect Was gener 
ated on the surface of the GaN composite substrate by 
approximately 5><107 cm_2. By applying any effective means 
for bending or extinguishing the crystalline defect, it is 
possible to generate such a region containing crystalline 
defect With a loW density, thereby enabling to secure a 
suf?cient service life under a high-output condition in Which 
technical problems still remain Without being solved. It is 
further suggested that, by providing a mechanism capable of 
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structurally relaxing strain inside of crystal layers formed on 
the GaN composite substrate, it is possible to loWer the 
probability of causing crack to be generated, thereby pre 
venting the yield rate from being loWered otherWise caused 
by the crack generated on the surface of the groWn ?lm. 

DISCLOSURE OF THE INVENTION 

[0009] In the light of the above problems, the present 
invention aims at providing a nitride composite semicon 
ductor laser element internally containing minimiZed crys 
talline defect and relaxed stress and also providing a semi 
conductor optical device incorporating such a nitride 
composite semiconductor laser element. 

[0010] To achieve the above object, according to one 
aspect of the present invention, in a nitride semiconductor 
laser device provided With a nitride semiconductor substrate 
and a nitride semiconductor layer formed on top of the 
nitride semiconductor substrate, the nitride semiconductor 
substrate has, as a portion thereof, a stripe-shaped disloca 
tion-concentrated region in Which crystal defects concen 
trate and has, elseWhere, a loW-dislocation region, a groWth 
inhibiting ?lm for inhibiting groWth of a nitride 
semiconductor crystal is formed on a surface of the nitride 
semiconductor substrate in a position Where the groWth 
inhibiting ?lm covers the dislocation-concentrated region, 
and the nitride semiconductor layer is formed by groWing 
the nitride semiconductor crystal on top of the nitride 
semiconductor substrate in the position Where the groWth 
inhibiting ?lm is formed. 

[0011] By virtue of the above arrangement, in the course 
of laminating the nitride composite semiconductor layers on 
the surface of the nitride composite semiconductor substrate, 
it is possible to inhibit dislocation of crystalline defect from 
those regions containing concentrated crystalline defect 
from further spreading itself thus making it possible to 
prevent high-density crystalline defect portions from spread 
ing themselves throughout the entire nitride composite semi 
conductor layers by proper effect of the groWth inhibiting 
?lms. Accordingly, it is possible to loWer the density of 
crystalline defect inside of the nitride composite semicon 
ductor layers. 

[0012] When constituting the above nitride composite 
semiconductor laser element, it is also practicable to provide 
each of those regions concentrated With crystalline defect 
With a plurality of groWth inhibiting linear ?lms so that these 
linear ?lms can be disposed in the drain-board form, and 
further, it is also practicable to arrange that each of those 
regions concentrated With the dislocated crystalline defect 
can fully be covered With a plurality of groWth inhibiting 
?lms. By virtue of this arrangement, those nitride composite 
semiconductor crystals groWn from those discrete regions 
containing loW-density dislocation can easily be combined 
With each other. Accordingly, unlike the case of laminating 
nitride composite semiconductor layers as of the condition 
in Which nitride composite semiconductor crystals (groWn 
from those regions each containing loW-density crystalline 
defect) are not combined With a sheet-form groWth inhibit 
ing ?lm even after formation of this sheet-form groWth 
inhibiting ?lm thereon, cleavage forming process can 
readily be executed. When implementing the above process 
for forming a plurality of groWth inhibiting linear ?lms on 
each of the regions concentrated With the dislocated crys 
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talline defect, it is so arranged that each of the linear ?lms 
Will be provided With a minimum of 1 pm and a maximum 
of 10 pm of Width so as to be disposed in parallel With each 
other across a minimum of 1 pm and a maximum of 10 pm 
of intervals against individually adjoining groWth inhibiting 
linear ?lms, and further, it is so arranged that individual 
regions including a sum of the Width and intervals of a 
plurality of these groWth inhibiting ?lms can fully cover 
those individual regions concentrated With the dislocated 
crystalline defect. 

[0013] Further, it is so arranged that the nitride composite 
semiconductor substrate can be provided With n-type con 
ductive characteristics, and yet, in order that all the groWth 
inhibiting linear ?lms can be covered, a GaN composite ?lm 
containing the n-type conductive characteristics is formed 
on the surface of the nitride composite semiconductor sub 
strate, thus completing formation of a GaN composite ?lm 
With a plane surface. OWing to this arrangement, it is 
possible to prevent the high-density crystalline defect 
regions from propagating themselves throughout the entire 
nitride composite semiconductor layers. Further, by provid 
ing the nitride composite semiconductor substrate With the 
n-type conductivity having a high resistance value, it is 
possible to serially laminate each of the nitride composite 
semiconductor layers according to the sequence of the 
n-type folloWed by the p-type. This in turn contributes to an 
improvement of the super?cial ?atness of the nitride com 
posite semiconductor layers formed With groWn crystals, 
thereby enabling to decrease the threshold value of current 
required for the output of laser beam. In the course of 
forming the GaN composite ?lm containing the n-type 
conductive characteristics, the ?lm thickness is arranged to 
be a minimum of 1 pm and a maximum of 20 pm. 

[0014] Further, by Way of arranging the thickness of each 
of the groWth inhibiting linear ?lms to be a minimum of 0.05 
pm and a maximum of 1 pm, it is possible to enable the 
groWth inhibiting ?lms to individually exert oWn proper 
effect and also prevent the groWth inhibiting ?lms from 
generating adverse in?uence. In the present invention, it is 
de?ned that the above-referred groWth inhibiting ?lm con 
sists of a silicon compound ?lm or a metallic ?lm. In 
particular, in this case, the above referred groWth inhibiting 
?lm shall consist of a thin ?lm made from SiO2, Si3N4, Ti 
(titanium), or W (tungsten). 

[0015] In the course of manufacturing the above nitride 
composite semiconductor laser element, it may be so 
arranged that the nitride composite semiconductor layers 
further contain quantum Well active layer having a compo 
sition expressed in terms of “InXGa1_xN (0<x<1)”. Further, 
it may be so arranged that at least any of those elements 
including As (arsenic), P (phosphor), and Sb (antimony), 
shall be contained in the active layer. In particular, it is 
preferred that the above nitride composite semiconductor 
substrate be composed of the GaN composite elements. 

[0016] According to another aspect of the present inven 
tion, a method of fabricating a nitride semiconductor laser 
device including a nitride semiconductor substrate and a 
nitride semiconductor layer formed on top of the nitride 
semiconductor substrate includes the steps of: forming, on a 
surface of the nitride semiconductor substrate, Which has, as 
a portion thereof, a stripe-shaped dislocation-concentrated 
region in Which crystal defects concentrate and has, else 
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Where, a loW-dislocation region, a groWth-inhibiting ?lm for 
inhibiting growth of a nitride semiconductor crystal in a 
position Where the groWth-inhibiting ?lm covers the dislo 
cation-concentrated region; and then forming the nitride 
semiconductor layer by groWing the nitride semiconductor 
crystal on top of the nitride semiconductor substrate in the 
position Where the groWth-inhibiting ?lm is formed. 

[0017] It is also practicable to initially form the groWth 
inhibiting ?lms all over the surface of the above nitride 
composite semiconductor substrate folloWed by execution 
of an etching process so as to cover only those regions 
concentrated With dislocated crystalline defect With the 
groWth inhibiting ?lms. Further, availing of the n-type 
electrical conductive characteristics of the nitride composite 
semiconductor substrate, it is also practicable to form a GaN 
composite ?lm incorporating the n-type conductive charac 
teristics on the nitride composite semiconductor substrate so 
as to fully conceal the groWth inhibiting ?lms after covering 
those regions concentrated With dislocated crystalline defect 
With the groWth inhibiting ?lms and then folloWed by 
execution of a process for causing the nitride composite 
semiconductor crystals to be groWn on the surface of the 
formed GaN composite ?lm before eventually laminating 
the nitride composite semiconductor layers thereon. 

[0018] According to another aspect of the present inven 
tion, in a nitride semiconductor laser device provided With 
a nitride semiconductor substrate and a nitride semiconduc 
tor layer formed on top of the nitride semiconductor sub 
strate, the nitride semiconductor substrate has, as a portion 
thereof, a stripe-shaped dislocation-concentrated region and 
has, elseWhere, a loW-dislocation region, the nitride semi 
conductor layer has a stripe-shaped laser light guide region, 
the laser light guide region is located above the loW 
dislocation region and substantially parallel to the disloca 
tion-concentrated region, and a distance d in a horiZontal 
direction betWeen the laser light guide region and a dislo 
cation-concentrated region closest thereto is 40 pm or more. 
Displacing the laser beam guide region from the regions 
concentrated With dislocated crystalline defect by more than 
40 pm prevents adverse in?uence potentially caused by the 
dislocation of the substrate from affecting the laser beam 
guide regions, thereby making it possible to secure a durable 
semiconductor laser element capable of extending its service 
life in terms of the laser oscillating capability. 

[0019] According to another aspect of the present inven 
tion, in a nitride semiconductor laser device provided With 
a nitride semiconductor substrate and a nitride semiconduc 
tor layer formed on top of the nitride semiconductor sub 
strate, the nitride semiconductor substrate has, as portions 
thereof, a plurality of dislocation-concentrated regions in a 
shape of stripes substantially parallel to one another and has, 
elseWhere, loW-dislocation regions, the nitride semiconduc 
tor layer has a stripe-shaped laser light guide region, the 
laser light guide region is located above the loW-dislocation 
regions and substantially parallel to the dislocation-concen 
trated regions, a distance d in a horiZontal direction betWeen 
the laser light guide region and a dislocation-concentrated 
region closest thereto is 40 pm or more, and, assuming that 
a middle region of each loW-dislocation region is located 
along a middle line betWeen adjacent dislocation-concen 
trated regions, a distance t in the horiZontal direction 
betWeen the laser light guide region and a middle region, 
closest thereto, of a loW-dislocation region is 30 pm or more. 
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Presence of a plurality of regions concentrated With dislo 
cated crystalline defect in a nitride semiconductor substrate 
may create, in a central portion of a region containing 
crystalline defect With a loW density, a region having slightly 
different properties from the region surrounding it. By 
displacing the laser beam guide region by 30 pm or more 
from such a region containing crystalline defect With a loW 
density, it is possible to obtain a semiconductor laser ele 
ment With a long single-layer laser oscillation life. 

[0020] According to another aspect of the present inven 
tion, in a nitride semiconductor laser device provided With 
a nitride semiconductor substrate and a nitride semiconduc 
tor layer formed on top of the nitride semiconductor sub 
strate, the nitride semiconductor substrate has, as a portion 
thereof, a stripe-shaped dislocation-concentrated region and 
has, elseWhere, a loW-dislocation region, the loW-dislocation 
region have a high-luminescence region, the dislocation 
concentrated region is substantially parallel to the high 
luminescence region, the nitride semiconductor layer has a 
stripe-shaped laser light guide region, the laser light guide 
region is located above the loW-dislocation region and 
substantially parallel to the dislocation-concentrated region, 
a distance d in a horiZontal direction betWeen the laser light 
guide region and a dislocation-concentrated region closest 
thereto is 40 pm or more, and a distance t in the horiZontal 
direction betWeen the laser light guide region and a high 
luminescence region closest thereto is 30 pm or more. By 
Way of displacing the laser beam guide region from one of 
the high luminescence regions having speci?c characteris 
tics different from that of the peripheral regions, it is also 
possible to produce a semiconductor laser element incorpo 
rating an extensible service life. 

[0021] Desirably, the distance “p” betWeen adjoining 
regions each being concentrated With stripe-form dislocated 
crystalline defect present inside of the nitride composite 
semiconductor substrate shall be Within a minimum of 140 
pm. Provision of this distance “p” facilitates the process for 
displacing the laser beam guide region from those regions 
concentrated With dislocated crystalline defect during the 
production stage. 

[0022] It is further desired that the distance “p” shall 
remain Within a maximum of 1000 pm in order that any 
unWanted portion displaced from the bottom portion of the 
laser beam guide region among those discrete regions each 
accommodating loW-density dislocation Will not be able to 
further spread excessively. 

[0023] It is possible to use such a nitride composite 
semiconductor substrate internally containing those regions 
concentrated With stripe-form dislocated crystalline defect 
being disposed substantially in parallel With the direction 
[1-100] of the substrate itself. 

[0024] According to another aspect of the present inven 
tion, in a nitride semiconductor laser device provided With 
a nitride semiconductor substrate and a nitride semiconduc 
tor layer formed on top of the nitride semiconductor sub 
strate, the nitride semiconductor substrate has a stripe 
shaped high-luminescence region, the nitride semiconductor 
layer has a stripe-shaped laser light guide region, the laser 
light guide region is substantially parallel to the high 
luminescence region, and a distance tbetWeen the laser light 
guide region and a high-luminescence region closest thereto 
is 30 pm or more. By Way of displacing the laser beam guide 
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region from one of the high luminescence regions having 
speci?c characteristic differing from that of the peripheral 
high luminescence regions, it is possible to produce a 
durable semiconductor laser element With an extensible 
service life. 

[0025] It is possible to use such a nitride-composite semi 
conductor substrate incorporating a certain number of high 
luminescence regions in its [1-100] direction. 

[0026] It is also possible to constitute the nitride-compos 
ite semiconductor layers incorporating quantum Well active 
layer having a composition de?ned as “InXGa1_XN (0<x<1)”. 

[0027] Further, it is also possible to constitute the nitride 
composite semiconductor incorporating quantum Well active 
layer consisting of nitride composite semiconductor con 
taining at least any of those elements including arsenic (As), 
phosphor (P), and antimony (Sb). 

[0028] According to another aspect of the present inven 
tion, a method of fabricating a nitride semiconductor laser 
device including the step of forming, on a nitride semicon 
ductor substrate having, as portions thereof a plurality of 
dislocation-concentrated regions in a shape of stripes sub 
stantially parallel to one another and has, elseWhere, loW 
dislocation regions, a nitride semiconductor layer including 
a nitride semiconductor laser structure having a stripe 
shaped laser light guide region further includes the steps of: 
forming the laser light guide region above a loW-dislocation 
region; and leaving a distance d of 40 pm or more in a 
horiZontal direction betWeen the laser light guide region and 
a loW-dislocation region closest thereto. When implement 
ing this method, it is so arranged that the laser beam guide 
region is disposed above the discrete regions accommodat 
ing loW-density dislocation substantially in parallel With 
those regions concentrated With dislocated crystalline 
defect, and further it is so arranged that the horiZontal 
directional distance “d” betWeen those laser beam guide 
regions and those regions concentrated With dislocated crys 
talline defect being closest to the laser beam guide region to 
be a minimum of 40 pm. The above arrangement prevents 
adverse in?uence potentially caused by the dislocation of the 
substrate from affecting the laser beam guide regions, 
thereby making it possible to secure a durable semiconduc 
tor laser element capable of extending its service life in 
terms of the laser oscillating capability. 

[0029] When the center line portion of the adjoining 
striped regions concentrated With dislocated crystalline 
defect corresponds to the center line portion of those regions 
containing loW-density arrangement, it is also possible to 
determine the horiZontal directional distance “t” betWeen the 
laser beam guide region and those regions containing loW 
density dislocation to be a minimum of 30 pm. By displacing 
the laser beam guide regions from the center portion of a 
region containing loW-density dislocation, Which may have 
speci?c characteristics slightly differing from that of the 
peripheral regions, it is also possible to secure a durable 
semiconductor laser element With an extensible service life. 

[0030] It is suggested that, When using a nitride-composite 
semiconductor substrate containing a striped high-lumines 
cence region substantially in parallel With those regions 
concentrated With stripe-form dislocated crystalline defect 
Within those regions accommodating loW-density disloca 
tion, the horiZontal directional distance “t” betWeen the laser 
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beam guide region and one of the high-luminescence regions 
being closest to this laser beam guide region may be 
arranged to be a minimum of 30 pm. By Way of displacing 
the laser beam guide region from one of the high-lumines 
cence regions containing speci?c characteristics slightly 
differing from that of the peripheral regions, it is possible to 
secure a semiconductor laser element With a further exten 
sible service life. 

[0031] It is recommended to use such a nitride composite 
semiconductor substrate internally containing those adjoin 
ing regions concentrated With dislocated crystalline defect 
across a minimum of 140 pm of the distance “p” betWeen 
them. This arrangement facilitates displacement of the laser 
beam guide regions from those regions concentrated With 
stripe-form dislocated crystalline defect. 

[0032] In addition, it is also recommended to use a nitride 
composite semiconductor substrate internally containing 
those adjoining regions concentrated With dislocated crys 
talline defect across a maximum of 1000 pm of the distance 
“p”. This arrangement avoids generation of such a defective 
semiconductor laser element containing much unWanted 
portions not normally being present beloW the laser beam 
guide regions among those regions internally containing 
loW-density dislocation, and yet, this arrangement further 
improves the yield rate. 

[0033] According to another aspect of the present inven 
tion, a method of fabricating a nitride semiconductor laser 
device including the step of forming, on a nitride semicon 
ductor substrate having a plurality of stripe-shaped high 
luminescence regions substantially parallel to one another, a 
nitride semiconductor layer including a nitride semiconduc 
tor laser structure having a stripe-shaped laser light guide 
region further includes the steps of forming the laser light 
guide region substantially parallel to the high-luminescence 
regions; and leaving a distance t of 30 pm or more in a 
horiZontal direction betWeen the laser light guide region and 
a high-luminescence region closest thereto. This method 
also makes it possible to secure a durable semiconductor 
laser element With an extensible service life. 

[0034] It is possible to use such a nitride composite 
semiconductor substrate containing those regions concen 
trated With dislocated crystalline defect, Wherein the sub 
strate has saW-teethed projections and recesses super?cially 
provided With facets {11-22} and accommodates those 
regions concentrated With dislocated crystalline defect 
beloW the bottom of the super?cial projections and recesses. 

[0035] It is further possible to use such a nitride composite 
semiconductor substrate containing a certain number of 
high-luminescence regions, Wherein the substrate has saW 
teethed projections and recesses super?cially provided With 
facets {11-22} and accommodates the high-luminescence 
regions beneath the vertex of the super?cial projections and 
recesses. The semiconductor optical device according to the 
present invention features that the above-described nitride 
composite semiconductor laser element constitutes a light 
source. 

BRIEF DESCRIPTION OF DRAWINGS 

[0036] FIG. 1A to FIG. ID are schematically explanatory 
of serial processes for manufacturing an n-type GaN com 
posite semiconductor substrate; 










































